One of the main factors influencing the occurrence of plant diseases is the leaf wetness duration (LWD). However, this climatic parameter is not generally and systematically recorded at meteorological stations, and the alternative to obtain an estimate for LWD is the use of mathematical models. The objective of this study was to estimate LWD for the State of São Paulo, on the basis of the number of hours with relative humidity equal to or higher than 90%, and also plot them on a map with help of the Geographical Information System (GIS) tool. Using daily relative humidity data from ten meteorological stations of the State, for six years, adjustment equations were obtained for different LWD periods (hours day -1 ) (R 2 from 0.58 to 0.81) and of number of days (ND) per month with LWD for a period equal to or higher than ten consecutive hours (R 2 from 0.57 to 0.75), both as functions of the mean relative humidity. The mean LWD and the mean ND varied among the different regions of the State and different periods of the year. The smallest estimated values of mean annual LWD and ND were observed for the west region of the State, and the highest values for the coastal region.
INTRODUCTION
Leaf wetness can be defined as water in liquid form present on the surface of leaves (Klemm et al., 2002) and leaf wetness duration (LWD) as the length of time this water remains on the leaf surface. LWD is one of the main factors influencing the appearance of plant diseases ; and, in general, the occurrence and severity of diseases are more correlated with LWD than with rainfall (Reis, 2004) . For example, many pathogens require the presence of water in the liquid form on the surface of the leaves in order to germinate their propagules and infect the host tissues (Gillespie & Kidd, 1978) . Under controlled environmental conditions, among the atmospheric variables, LWD was most dependent on relative humidity and relatively insensitive to temperature, net radiation and wind speed (Magarey et al., 2005) .
Both field measurements and models have been used to estimate LWD. Under field conditions, LWD is commonly measured with sensors, but these provide an indirect measurement and there is variability between different makes of the sensors. Also the use of sensors for field measurements performed by growers is still restricted, due to their cost and difficulties involving handling, installation, maintenance and data downloading . On the other hand, on a regional scale, this parameter still lacks a quantitative and systematic description (Klemm et al., 2002) . Most of the climatic stations worldwide do not record LWD and do not have sensors available (Madeira et al., 2002) . Additionally, this variable is not easily measured (Santos, 2006) .
Since surface wetness is not routinely measured by most National Weather Services, the ability to derive surface wetness data is of importance for experimentation or for operational use where field measurements are not available (Magarey et al., 2005) . Models can, therefore, serve as an alternative to determine LWD without the difficulties inherent to collecting data.
The objectives of this study were to estimate LWD, as a function of relative humidity, a parameter which is more easily found in meteorological station records, for climatological purposes and also to produce maps of mean monthly LWD and number of days per month with the presence of LWD, for a period equal to or higher than ten consecutive hours (ND), using a Geographical Information System -GIS. ). The chosen cities are distributed evenly over the State of São Paulo (Figure 1) . The years 1982 The years , 1983 The years , 1990 The years , 1994 The years , 1996 The years , and 2000 were chosen because they had been considered typically humid (1983), dry (1994) and normal (1982, 1990, 1996, and 2000) years. LWD was obtained on a daily basis for each of these years and for each county using data from hygrothermograph charts and adopting an empirical method, assuming the occurrence of leaf wetness when the air relative humidity was above 90%. This is a simple method and has become popular for the purpose of estimating LWD Santos, 2006; Sentelhas et al., 1993; Sentelhas et al., 2004) .
MATERIAL AND METHODS
For every month, the quantity of hours in which relative humidity was equal to or higher than 90% (LWD) and the number of days per month in which the relative humidity of the air was equal to or higher than 90%, for a period equal to or higher than ten consecutive hours (ND) were registered. Afterwards, the data were related to the mean monthly relative humidity to obtain the LWD and the ND adjustment equations, using the linear, quadratic, and exponential regression methods in order to allow estimates of these parameters as a function of relative humidity, aiming the development of spatial distribution maps, considering different periods: a) April to September, dry and cold season; b) October to March, wet and warm season; and c) Annual.
The Geographical Information Systems software Idrisi 32, developed by the Clark University -USA was used to create maps of relative humidity for the periods, using data from the climatological normals from 1961 to 1990, in the State of São Paulo, obtained from the Climatic Research Unit (2006), originally with a spatial resolution of 10' × 10' of latitude and longitude. The software Surfer was used to apply the ordinary kriging interpolation method and to generate relative humidity surface maps, with a spatial resolution of 0.01º × 0.01º of latitude and longitude.
Following, LWD and ND maps were developed for the State of São Paulo for the periods: i) April to September; ii) October to March; and iii) Annual, applying the adjustment equations over the relative humidity maps, in the arithmetic module.
RESULTS AND DISCUSSION
To estimate LWD and ND as a function of relative humidity, regression equations were developed. The relationships between LWD and ND and relative humidity are shown in Figures 2 and 3 , respectively. High values of coefficients of determination were observed (R 2 from 0.57 to 0.81), indicating that LWD and ND can be estimated from relative humidity. For lower values of mean monthly LDW and ND, the equations give more precise estimates than to higher values. The obtained equations relating values of LWD and ND to relative humidity (RH) showed best fit through an exponential function as follows: The equations to estimate ND are similar to the exponential equation developed by Pedro Júnior et al. (1989) to map the Microciclus ulei potential of infection of the different ecological zones for the State of São Paulo.
The mean relative humidity was characterized both spatially and seasonally (Figure 4) , considering a drier season (autumn and winter) and a more humid season (spring and summer). In general, the drier weather was observed in the northwest and north of the State, with large areas where the mean relative hu- midity ranged from 60% to 70%. For the most humid months, with relative humidity above 70%, were observed throughout most the State (Figure 4) . The estimated mean LWD values changed among the different regions of the State and seasons of the year as expected, since they are direct functions of the relative humidity ( Figure 5 ). The smallest estimated LWD values (1.5 to 3.0 hours day -1 ) occurred predominantly from April to September (Figure 5 ). However, a predominance of areas with LWD higher than 6 hours day -1 , from October to March was observed. In general, the south and southeast regions had the highest LWD values (more than 7.5 hours day -1 ) throughout the year. Autumn and winter, including the months from April to September, showed the smallest estimated ND values ( Figure 6 ), in which with large areas presenting less than five days per month of ND. During spring and summer, from October to March, higher ND values were observed, showing a large area within the State presenting five to ten days per month.
Dalla Marta et al. (2007) proposed an expert agrometeorological system to evaluate the development of Plasmopara viticola, an important disease of grapevine, on a regional scale, in part of Italy and Slovenia. A model for LWD based on the energy balance approach was applied using hourly meteorological data collected by a network of automatic weather stations. Nevertheless, a dense network of meteorological stations is not common in Brazil, on a regional or territorial scale. Plant disease zoning has recently been fa- cilitated by technological progress and GIS, which has made the manipulation of large georeferenced data bases relatively straightforward (Hijmans et al., 2000) . Once LWD and ND are important for plant disease development, maps of theses parameters for the State of São Paulo may help planners to choose areas where disease occurrence is expected to cause less damage to the crop. The proposed methodology allowed estimating LWD for the State of São Paulo, from relative humidity measurements, as well as estimating the ND, using the GIS tools. Results of this study made it possible to apply LWD and ND information on a regional scale. The exponential equations obtained to estimate LWD and ND as a function of relative humidity, which can easily be found in most of the standard weather stations, can be used as a tool to map and understand disease progress in different regions.
